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I & INTRODUC'.I.1ION 
It has already been demonstrated that under reduced 
conditions (no visual frame of reference) there is a. constancy 
of the subjective vertical� That- is, with various amounts 
of vertical head tilt$ the subjective verti.cal closely approx= 
i:mates the objective vertical when the target is a luminous 
l. l 1ne. 
This has led to suppositions about a similar constancy 
for the frontoparallel plane, and questions about the type 
of mechanism which might mediate this constancye Prop:r:�i= 
oception from the neck may be an irnporta.nt factor; since recent 
studies have shown that a prolonged head turn produced by 
wearing a restraint (crash collar) or a monocular lateral 
prism will cause a rotation of the perceived frontoparallel 
planee2'3 · 
· This study is an attempt to determine if there is a 
constancy of the frontoparallel plane for various head 
turns, and if so, what the probable mechanism or mechanisms 
are.which control the constancy. To this end, all but the 
systems of visual dis pa rity and kinesthesis/were eliminated 
or held constant by experimental design and procedure. The 
relative importance of these remaining systems was investigated 
by allowing the subjects to make the same judgements using 
visual disparity with neck-trunk kinesthesis held constant, 
ie., requiring asymetric convergence. 
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METHOD 
A. Apparatus 
The apparatus consists of a box-shaped str�cture 
housing a target- �f luminous dots_ which could be vie;ved 
by thi subject in several differ3nt testing cbndltions . 
. (See Diagram l ) 
-. Diagra:m·1- Apparatu'.3 
The target plane ·was rotate.ble about a vertica.1 axis 
v;hich was normally positioned in the median plane of the 
- face. The su�ject's head was fixed in a headrest which 
eliminated a.."ly extr�""l.eous nove;:iente The headrest pivots 
.t.• . .ro •· • t . . . .1. 1 . . . .l.. on a suppor .. 1ng l rarr.e, l s axis approx1r;:a ve y co1nc1ae:-.. 1-
. with the locus of the axis of rotation of -the 
head:i T' . •  ne suppor-c1ng fr2.me fro� the headrest �Q 
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the target plane so tha.t a rotation of the headrest results 
in a concomi ta.nt relocation of the target plane e 
The supporting frame could be rotated to both sides of 
the median plane by 45 degrees, and locked into place at 15 
degree intervals; thus allowing seven differ�nt positions 
for investigatione At each of these positions the headrest 
and the axis of rotation of the target plane were maintained 
in the median plane of the subject� head (See Diagram 2a)" 
t----1--J 
I 
I 
I 
a- Symmetric- Condition 1 
11 . f"\· � __ ,., .. ,. ' "' 
I 
I 
b- Asymrne tric ... Condi ti on 2 
Diagram 2- Testing Conditions 
The headrest was also constructed to lock into the primary 
position while the target plane was pivoted to each side by 
JO degrees in 15 degree ste ps e The smaller range was caused 
the restriction of field by the subjects nose .(See Diagra� 2b). 
The target plane was a 34 ems by 5t cme rectangle of 
lucite that was painted black except for a random series 
of dotse One d0t coincided v:ith the center of the axis of 
rotation of the rectangle, and was covered with a thin . � 
piece of red plastic. Two flashlight bulbs were placed 
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inside a wooden frame so that the light could only escape 
into the lucitee The result was a group of illuminated dots$ 
with the· one red one which served as the central fixation 
pointo This plane of dots was located approximately 30 cme 
from -�he subjectes eyes, and pivoted in a supporting frame 
attached to the headresto As stated, this a lo0ed the central 
fixation dot to be in the subjec t 0 s median plane when the 
headrest was turnedo · When the headrest vms in the pri.rnary 
positions the target could be locked into the positions 15 
degrees and 30 degrees to each side of the subject0s median 
planeo 
Be Subjects 
Subjects wer·e required to demonstrate a minimum of eighty 
percent stereopsis as measu re d on the Keystone multi-stereo 
card number PP 10. Twenty-one individuals meeting this 
criterion were tes ted ; The average age was about twenty-five, 
with·two in the forties, and the remainder in the twenties. 
The youngest subject was twenty. 
C., Procedure 
Condition I 
The subjects were seated before the apparatus in a dark 
room and presented with the luminous array of dots. They 
were then instructed to tap when the dots appe ared to occupy 
the frontoparallel plane. Each s ubje ct was tested under seven 
horh:.ontal head positions: 45 degrees• to the right, 30 degrees 
to the right, 15 degrees to the right, straight ahead, 15 
degrees to the left, 30 degrees to the left, and L�5 degrees 
8 
to the left� The sequence of these positions was randomized 
for each subject� with a practice trial at the straight-ahead 
position to ensure that each. subject· understood the inst:cuc= 
tionso · Four judgements of frontali.ty were made for each 
position; two with the right side of the target initially 
closer to the su.bject and two with the left side initially 
closere To record the actual subjective horizontal position 
of the t�rget the experimenter simply read off the degrees 
indicated by a protractor mounted on the target support. 
Condition II 
The subjects were asked to' make the- s ame judgements, but 
the target presentation was altercde While the subjectes 
' 
head was kept in the straight-ahead position, the array of 
luminous dots· was presented asyra1etrically at displacements 
� 
of 15 degrees anq 30 degrees to each side of the median planee 
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III.. Results 
If a pe rson demonstrates constancy of the frontoparallel 
plane� theoretically a graph of the data would yield a slope 
of zeroo If no constancy is evidenced; as would be the case 
if the subjective frontoparal1el plan0 was always set to be 
objectively parallel with the fa.ce; the graph of the data 
·woµld have a. slope of one G (See Diagram 3) 
e p., 
0 P-1 
• fl:-1 
(J) > ·sw·I .p () (j) 
•[J ,0 
.,. ,J 
70 
80 
(/) 100 
110 45 
left 
no constanc� 
30 
I 17-15 rP . :J 
Head Position 
constancy 
)0 45. 
right 
Diagram 3- Theoretical Limitations 
When the subjects were using both visual disparity 
and kinesthesis (condition 1), a constancy of the fronto-
parallel plane was demonstrated. Very accurate compensation 
may be clearly observed in 'Figure 1, and Table I. While 
the constancy is·.not perfect, it shows the type of normal 
variation fou.nd in most biological systems. The· standard 
deviation is indicated by the vertical line through each 
point. 
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Simila1ly,, with kinesthesis from neck and trunk.held 
constant ( Condition II ) , judgements of the subjective 
frontoparallel plane still demonstrated constancyo (Figure 3 
and Table II )e The subjects very accurately compensated 
for the asymmetric convergence.;. e ven though neck-trunk 
kinesthes i s  was held constante 
Figures II and IV show the individual median deviations 
o f  the subjective frontal plane for condit i ons I and II 
respective lye 
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GROUP MEDIAN DATA 
CONDITION I 
Head left 
Subject 45 I JO 15 0 
I 
--·-1
10105 I 98 .. 5 92 93 
II 105 100 100 99 
III 96 97o5 90o5 91.J. 
IV 96 94-.,5 92 9Jo5 
v 102 95 9'? 93 
VI 89 91 87 i 92 ! 
VII 93 8865 Q ") 5 I 92 ;;1'� G i 
VIII 99 94«>5 97 I 94 
104 96.,5 
I 
IX 93 I 90 ' ' 
i 
x 9lo5 9le5 8'7.,5 I 97 
I XI 9505 9lo5 92.,5 93<>.5 I 
XII 98 94· 93 
I 
9lo5 
XIII 91 9L,5 88 92 I 
XIV 97e5 97o5 93e5 92 
xv 90. 9lc5 92 89.,5 
XVI l00e5 96.5 88.5 92 . 5 
XVII 
I 
98 98 88 93 
XVIII 85o5 93 82o5 9005 
XIX 93 91�. 5 96.5 94 
xx l02e5 98.5 93 90 . 5 
XXI 101.5 .-------·- 96 .. 5 93 91 
Mean 92 .. 4 91· / -;- .. 0 92 92.,5 
S.D., 6.,92 3.08 4 .. 13 2e22 
IJ:'ABIE I 
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Head Right 
15 30 1�--- --
88 86 80o5 
96 95 9Jo5 
901!5 91 92 
93e5 81.J. 84 . 5 
98"5 (II• 5 .)'··( 0 86e5 
85 74 7105 
87 84- 83.5 
90 85 88.5 
84· � G _, 0/:.. 5 UOo 87 
98 91o5 95 
91c5 86 87e5 
87 91 90e5 
99 96e5 91 
92 91 89 
91 92 95.5 
95 92 87 
86.5 89 91.5 
93.5 88 9lo5 
92.,5 91 86 
86.5 88 90 .. 5 
! 94.5 88 82 _,___ ____ 
9lo4 88�8 88e1 
4.,Li-4 L�. 89 5 .. 37 
r Subject 
I I I 
II 
III 
IV 
v 
VI 
VII 
VIII 
IX 
x 
XI 
XII 
XIII 
XIV 
xv 
XVI 
XVII 
XVIII 
XIX 
xx 
XXI 
Mean 
S.D. 
30 
89o5 
97 
92e5 
9�-e5 
86 
BL� 
90c5 
96e5 
9'7e5 
91.,5 
89 
92o5 
81} 
97 
92 
95 
90 
89 -
92 
94.5 
GROUP · MEDIAN DA'J.'A 
CONDITION II 
Target Left-
15 0 
- -
8705 83 
95 91 • .s 
93 93 
89"5 9265 
82o5 88 
8'?e5 87 
88 89o5 
92 93 
91 .,5 91 .. 5 
90,,5 91+ 0 _5 
90e_5 9lo.5 
92 93 
86 93.,5 
93 9005 
86 92 
87o5 95 
89.5 90 
89.5 87.,5 
89 92 
93 90 
_, __ Cj __? ___ _ __ 86 94 
92 
'-l·.13 2.88 
TABLE II 
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Target Right 
15 
-
86e5 
94o5 
88 
90.5 
920 . .5 
82.5 
8805 
92o5 
90 
98 
91o5 
9J�L o 5 
95 
91 
90 
98 
90 
97.5 
93 
92 
24 
9lo9 
3.83 
-
I 
I 
I 
30 
92 
94 
87 
85 
94 
80 
84o5 
.8505 
87 .. 5 
97 
90 
90o5 
93.,5 
87 
·89.5 
93.5 
9l+o 5 
95.5 
90 .. 5 
92 
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IVe DISCUSSION 
There. are five main mechanisms which control spatial 
localization judgements e 1'hese are ( l) tactile input, ( 2) 
vestibular information, (3) angular disparitys (4) Kines­
thetic information, and (5) the visual frame of referencee 
Of these five, our exp�rimental design allowed for the sys-
tematic v-ariation of only disparity and Kinesthesis,, The 
visual frame was eliminated by conducting the tests in a 
dark room, and the tactile and vestibular information were 
held constant by passively moving the subject's head to the 
' 
different test positions and then vmi ting momentarily· before 
beginning. 
Kinesthesis from the neck and trunk has been shown to 
be important in controlling the judgenient of the frontal 
plane in head-turn after-effects studies of several inves--
t. t . 1 +• d 4 iga ors as previous y men�ione_e Its influence was also 
apparant in our study. When our subjects had their heads 
turned to either the right or the l.eftr they were still able 
to make accurate judgements about the position of the front­
oparalle l planee. Kinesthe tic information must have aided 
them to decide which disparity represented this plane. If 
disparity alone were the determining factor, the same dis--
. parity would be utilized to select the proper position of the 
plane in all head positionse Thus, no constancy. of the 
frontoparallel plane would be exhibited. But, as a quick 
scan of the group median data graph (Fig. 1) indicates, there 
was a co11stancy. -
Further investigation showed that even when the head 
was in the primary position and the target plane was presented 
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as;yrnetrica.lly to each· side of the observer, there was a 
constancy of the frontoparallel plane (Fig� 3)0 This was 
not expectedsince the Kinesthetic input from the neck was 
not changing and thus could not cue the system as the dis= 
parity was varriedc Further, any number of disparities could 
represent this plane: depending on the relative position of 
the targcto It appe a rs that some mechf.1.nism must be aiding 
the subjects to decide on the proper disparityo 
We propose a system of empir·ical engrams such that in 
everyday activities a person co�es the position of objects 
relative to particular body parameterse Such a system could 
be mediated by one of two possible mechanisms; Motor Inflow 
(Kinesthesis from the extra-ocular muscles) or Motor Outflow 
which hypothesizes a neural area which monitors the efferent 
signals to the extra-ocular muscleso 
The Motor Inflow system has its basis in histological 
studies that have demonstrated the presence of muscle spindles 
i.n the extrinsic muscles of the eye. These do have neurons 
to the central nervous system, but it has been found that 
there is no cortical representation for thcm.5 At the same 
time, disparity is mapped in the cortex, thus making it 
almost physically impossible for these units to interact in 
a fashion necessary to explain the subjects0 ability to make 
these judgements. 
Finally, when one looks at a stationary object and his 
eye is passively moved, the object appears to moveo Actually, 
the retinal image has moved while there were no efferent 
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s ignals t o  the e xtra-oc ular mus cle s e �'his is the normal 
c ondi t i o n  when the gaz e  is s teady and an object mov � s  through 
the field of view s The re fore the s ys tem has been f o ole d e  
IJ.'his obse rva t i on i s  c ons is tant with the Mo tor oi,tfl ow 
the ory, but c ontradic tory to what would be e xpe c �e d from 
Mo tor Infl ow e He re , the c hange in s tre tch ·of the mus c lc� s  
· that would o c c ur e ve n  if the e ye v1e re m o  ·e d pass ive ly should 
have told the sys tem what was re ally happening � 
From the se arguments and obse rvations we c oric lude that 
the me c han ism whi ch cue s the system to c ho ose the prope r 
dispari ty for judgements o f  this nature is Ma tot Outflow o 
2 0  
APPENDIX A 
Individual Raw Data 
Me as ureme nts in de gre e s  of the subje c tive 
frontoparalle l plane for e ac h  he ad pos ition 
(Conditi on I )  and for e ach targe t pos i t i on 
( C ond i t ion I I ) . 
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APPENDIX B 
Indivi dual Graphs 
Figure s 5 � =26 re pre s e nt indivi dual me dian 
de viati ons o f  the s ubj e c tive frontoparalle l 
plane as a func tion of de gre e s  of he ad turn 
( Condition I )  and de gre e s  o f  targe t rota t i on 
( C ondi tion I I ) e 
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